In the field of anatomy, preservation techniques used to preserve the integrity of specimens prepared for use as educational and research material are very ancient. It is desirable that these materials be as close as possible to the characteristics of living animal tissues in order to be an effective educational material. One of the most important criteria in determining similarity to fresh cadavers is the color and odor changes in the tissues. Therefore, the aim of this study is to reveal the anatomical and physiological changes on myocardial tissue, fixed by 4 different solutions in which qualitative and quantitative methods such as color analysis, sensory analysis, and microbiological tests. As a result, it was determined that a newly developed enriched saline solution and low concentration formaldehyde solution can be used safely for the preparation, preserve and long term use of educational materials.
Introduction
There are lots of anatomical techniques used for a long time to ensure that animal and human bodies are preserved intact after death as educational and research material. The process, first began with the mummification of corpses in Egypt and Chinchorro (a region of Arica, Chile and Peru coast) cultures in the years 7000-5000 BC and has continued to until development of various methods like as the plastination technique, which was developed by Gunter von Hagens in the late 1970s (2, 6, 12, 24) . As written in many articles, cadaver-based education is used not only for the anatomy but also for clinical sciences teaching, especially surgery. It is desirable that these cadavers, which are used for practice, should have a similar quality to fresh cadavers, in order to be an effective educational material, if it is possible (8, 9, 17, 21, 25, 29) . However, in recent years, studies on the development of different cadaveric preparation techniques have begun to increase especially with the increase of ethical rules, in order to reduce the use of cadavers prepared from alive animals (26) . Although new fixatives have been developed with varied techniques and laboratory process, decomposition is still not completely prevented. Because of the physiological parameters change when the cells and tissues are taken out from the body. Accordingly, a number of pathological reactions such as putrification and autolysis are formed. In other words, the changes are caused by putrification, which is formed by the bacterial activation and autolysis, which is developed with the release of intracellular autolytic substances, after physiological death occur. When considered at the cellular mechanism, firstly cytoplasmic content and lysosomal enzymes are released outside the cell; necrotic cell death and diffuse tissue damage are observed (19, 20) . Because of these reactions, one of the most important criteria of decomposition is the color change that occurs in tissues. The color changes of tissues can be displayed on the X/Y coordinates and can be computed numerically in the CIE (International Lighting Commission) L* a* b* system standards via the usage of the tristimulus color measurement devices (3, 13, 14, 18, 28) .
The aim of this study was to quantitatively evaluate the anatomical and physiological changes in sheep hearts, which were fixed in 4 different fixation solutions, by color measurement and microbiological analysis. In addition, the study was qualitatively strengthened with the sensory analysis test applied to semi-educated panelists. Two of the four fixatives used here were newly developed and their effectiveness were demonstrated.
Material and Methods
When determining the sample to be used in the study the Power of test (1-β) was 0.80 calculated by G. Power statistical Packet software. Accordingly, a total of 35 sheep hearts obtained from a licensed slaughterhouse in Ankara Province were used. Cardiac tissue was preferred in the study both it is an organ with high blood content anatomically and it has striated muscles that perform at high capacity physiologically. The samples were initially divided into 5 different groups that one of them would being a control. For this purpose, 4 different fixation solutions were prepared. The whole groups were named according to the content of solutions. The first group is a saline solution (SS) that prepared with low concentration saline (<20%). The second group is an enriched saline solution (INSALT) that prepared with 26.5% saline, ethyl alcohol, polyethylene glycol, and citric acid. The third solution is a 10% formaldehyde solution (FS), a strong disinfectant. The fourth solution is the lower concentration of formaldehyde enriched with ethyl alcohol and polyethylene glycol (EFS). Moreover, in the fifth group, the samples kept in +4 C o in the refrigerator without any solutions for being control. The salt used in the first and second groups for fixation; was used since it serves to adjust the osmotic structure of the solutions and the acid-base balance. It is also preferred inasmuch as it is the cheapest, non-toxic and most easily accessible chemistry available in fixatives (4, 10) . Despite all the known toxic effects and disadvantages, formaldehyde, which is still widely used, was utilized in the third and fourth solutions (5, 6, 11) . The ethyl alcohol used in the second and fourth groups was preferred because of its bactericidal, antiviral, antifungal and antimycotic effects as well as its ability to easily penetrate into deep tissues and increase the effectiveness of formaldehyde. Polyethylene glycol was added to the solutions as it increased the disinfectant effect of formaldehyde and reduced mold formation when used together with formaldehyde (2, 6, 15) . In addition, the citric acid used in the third solution was added to the mixture due to the known antioxidant and anticoagulant properties (22, 23) . Besides, in the fourth group formaldehyde was used at a very low concentration of 0.5% to reduce the toxicity ratio of the solution. A total of 35 sheep hearts, 7 specimens for each group, were obtained from a licensed slaughter house. The organs were brought to the laboratory within post-mortem first hour. Each was then numbered separately. In the study, a colorimeter device (Konica Minolta CR-400) with the capability to obtain results on international L* a* b* measurement standards was utilized to determine the color alteration (14) . The measurements were taken from 3 dividual points on the myocardial tissue to increase the accuracy of the results and estimate the averages statistically. While these mentioned three points were determined, the hearts were arranged on the bench floor where the facies auricularis would get in touch with. The first landmark; right side of sulcus interventricularis paraconalis, the second marker point; left side of sulcus interventricularis paraconalis and the third marker point is apex cordis of the organ was preferred. Then, all samples were made post-mortem initial measurements from marked-point without any process. Then, the postmortem initial measurements on the marked-point of organs were received from all samples without any process. All samples were taken in organ storage containers containing divergent fixatives. The samples which were not treated with any solution were put in an airtight and closed container and kept in the refrigerator at +4 ºC for storage. The measurements were received on post-mortem first day and repeated on the 7 th , 15 th , 30 th , 60 th days and 1 st year in order to observe the timedependent effect of anatomical and physiological changes. Besides, total bacteria, total fungus and yeast were examined from the specimens collected from surface and deep of cadaver and the fixation solutions at the end of the study for all groups. In addition, the sensorial properties of the samples were determined by 7 semi-trained panelists using scoring test modified from Meilgaard et al. (16) at the end of the experiment. A fresh cadaver sample was given to the panelists as the control sample and they were asked to evaluate the similarities of the samples were kept in SS, INSALT, FS and EFS in terms of appearance, odor and texture (elasticity) over 9 points compared to the control sample. The panelists rated the samples named A, B, C, D without informing them about the solutions. In the new marking for panelists, letters described the solutions. Accordingly, to 'A' was the saline solution, 'B' was enriched saline solution; 'C' was the formalin solution, and 'D' was enriched formaldehyde solution.
The color changes (L* a* b*) of the five different groups on the different days and sensory analyses data were compared with the repeated measure ANOVA test (1 st , 7 th , 15 th , 30 th , 60 th days and 1 st year). Duncan multiple comparison tests were used for determining which groups were different if groups were identified as important. Statistical analyses were estimated by SPSS v.15 packet program.
Results
The samples in the low concentration saline solution were removed, notwithstanding color change, from the experiment on the 8 th day. Because of the perforation and deterioration of the organs, there was a severity bad smell affecting the vomiting center. Similarly, the fifth group which formed the control group of the study, was removed on the 15 th day for the same reasons. According to the obtained data; the closest values of the brightness from the white (L*) and the color change from red to green (a*) and from yellow to blue (b*) to the fresh tissue was observed from the enriched formaldehyde solution (EFS) at the end of the 1 st year (Table 1) . While the 10% formaldehyde solution increased the luminosity (L*) value of the organs by approximately 26.15 units, it reduced the red color by 12.37 units. Therefore, it was observed that the color of organs was changed to the different shades of gray. In addition, it was observed that these organs lost elasticity of the tissues in parallel with they were durable and extremely rigid. The samples waiting in the INSALT solution lost the reddish color approximately 12.69 units and the yellow color by 0.18 units while increased the brightness only by 5.55 units, during the first year (Table  1 ). However, it was observed that these samples were more vivid than the waiting samples in the 10% formaldehyde solution. When all of the data were obtained, the results were significant on the brink of P<0.05 statically (Table 1 ). In addition; no perforation or malodor formation was observed in specimens waiting in this solution. On the contrary, it was noted that the specimens were so durable, robust and at the same time, they were quite elastic that they could be used in training. According to the results of the sensory analysis performed, sample D was prepared with EFS was the most similar sample to the fresh cadaver (control sample) in terms of appearance, odor and textural (elasticity) characteristics. Sample D was described by the panelists as "almost the same as the control sample", followed by sample B was prepared with INSALT, C was prepared with FS and A was prepared with SS, respectively. In addition, all panelists stated that A, B, and D did not have a chemical smell, while 5 panelists indicated that sample C had a disturbing chemical smell. The sample A received lowest scores ( Table 2 ) for all properties analysed and all of the panelists indicated that there was no similarity between sample A and the control sample. It has also been noted there was purification in sample A by all the panelists. Besides no pathogenic microorganisms have been detected in the samples keeping in INSALT, FS and EFS solutions analysed for total bacteria, total fungus, and yeasts. However, high levels of bacteria, fungi, and yeast were found in the samples that were control and waiting in SS solution. At the end of the 15 th day, in the total bacteriological culture analysis of the samples kept in the SS fixative; Lactobacillus spp. and E. coli, in the total fungal analysis; Penicillium spp., Aspergillus spp., Fusarium spp. and Rhizopus spp., in the total yeast analysis; Candida spp. and Saccharomyces spp. were isolated and identified. On the contrary, even at the end of the study, no pathogenic microorganisms mentioned above were found in the other groups.
Discussion and Conclusion
Many studies have confirmed that chemical fixation solutions used when preparing cadaver by classical methods have risks in terms of human health (1, 2, 4-6, 10, 12) . For this reason, the effects of 4 different fixative solutions that include formaldehyde and nonformaldehyde on heart tissue were studied in this study. When choosing the fixative solutions, the 10% formaldehyde solution, which is known to be toxic and which is still used despite all its disadvantages, and saline solution, which is totally nontoxic and controversial to use alone despite its many advantages, were preferred. In contrast to Bakici et al. (3) , fixatives used in the past with high formaldehyde concentrations were not modified in this study. Low concentration formaldehyde and high degree saline solutions were prospered with other chemicals as ethyl alcohol, polyethylene glycol, citric acid directly in this study. Thereby new fixative solutions were developed by this study. These new solutions and other known solutions were compared in terms of the positive and negative aspects of the effects on the hearts. The newly developed fixation solutions were examined in terms of their preparation methods, ease of handling and their impact on myocardial tissue. In the light of this information, the choice of the fixatives was left to the preference of the researchers in all aspects. The theory that saline solution is an unsuccessful fixation solution when used at a concentration lower than 20% as explained by Fricker et al. (7) is confirmed by this study. Similar to the article by Janczyk et al. (10) , the salt was utilized in this experiment for targeting develop a non-toxic fixative. However, contrary to Janczyk et al. (10) the salt was used not rate of 23%, was added the mixture at a rate of 26.5%, which would produce a saturated salt water concentration. In contrast to Janczyk et al. (10) instead of 3% ascorbic acid, the 5% citric acid, which due to known anticoagulant and antioxidant properties was supplemented in INSALT solution. Some literature (6, 11, 27) examining the color changes in the tissues have observed that the cadaver was got lost their color, based on fixatives consisting of formaldehyde coagulates the blood rapidly. This situation was confirmed with samples fixed in 10% formaldehyde solution quantitatively by approximately 26.15 units increased brightness degree and 12.37 units changed reddish color to green. On the other hand, as a result of decreasing the formaldehyde ratio to 0.5% in the EFS, it was observed that the samples detected with this solution best preserved the color and were the closest samples to fresh tissue. Thus, it was revealed that EFS can be utilized because being both a less toxic and efficient fixative by this study.
As a result, the deterioration effects of the fixatives in which the tissues and organs prepared to be used as educational material in the field of anatomy were examined in terms of color variance on the sheep heart. These color changes were quantified for the first time, and all obtained data were compared to compose meaningful results between groups statistically (Figure1). As a result of the research, it was concluded that samples which were fixed with the low concentration of saline solutions and kept without any treatment were not possible to use for a long time in education. The microbiological results revealed that Turan et al. (27) encountered Bacillus spp. rarely. In this study, Bacillus spp. and other microorganisms that mentioned in the results were observed in control and SS group. However, no microorganisms including Bacillus spp. were found in other groups (FS, EFS, INSALT). Accordingly, EFS and INSALT solution delayed decomposition as FS and could be used during the preparation of training materials. Also, the results of the sensory analyses were found to support these data.
Consequently, it was detected that the INSALT solution can be preferred for the preparation of organs to be used as training material. Because there are many advantages such as being a non-toxic solution, durability, and elasticity of the organs and color change rates in tissues similar to fresh tissue. Despite the fact that the EFS solution contains formaldehyde in low concentrations, it can be safely used for the preparation of organs in anatomy training. Because it has positive effects on the organs likewise the INSALT solution. Based on the data obtained from this study, it is planned to work on the fixation of whole-body cadavers and organs of other mammals and avian with these solutions.
